In this study, toxic, genotoxic and cytotoxic effects of titanium dioxide (TiO2), silicon oxide (SiO2), zinc oxide (ZnO), copper oxide (CuO) and aluminium oxide (Al2O3) nanoparticles on Allium cepa (A. cepa) and Caenorhabditis elegans (C. elegans) model organisms were investigated. 25, 50, and 100 µg/ml doses of these substances were applied to A. cepa roots for 12 and 24 hours. At the end of the study, it was determined that mitotic index decreased and chromosomal abnormalities occurred. As a result of the application doses of these substances to C. elegans nematode, survival time decreased, egg production decreased and physical growth decreased.
are usually lung, liver, spleen and kidney, and they have a toxic effect on these organs. Apart from these organs, they are found in various structures such as mitochondria, nuclei and fibroblasts [8] [9] [10] [11] .
Because of the physical properties of the nanoparticles, they can induce the formation of reactive oxygen species in the cells, resulting in cell damage and even cell death [12] . It is thought that nanoparticles can enter the cell by binding to receptors on the cell surface by endocytosis or enter into the cell by non-endocytosis means [13, 14] .
As we mentioned earlier, many nanoparticles are used for different purposes. However, in this study, we aimed to study the genotoxic and cytotoxic effects of 5 nanoparticles (Titanium dioxide, Silicon oxide, Zinc oxide, Copper oxide and aluminium oxide) with two different test systems considering our material and laboratory facilities. In particular, we have tried to select the nanoparticles in many products that are frequently used by people. Again, we preferred the test methods, which are easy to work, do not cost much and have a short working time considering our laboratory facilities.
Titanium dioxide (TiO2) nanoparticulate is a naturally occurring mineral derived from titanium oxide. This substance is used in many products after purification. Titanium dioxide has been the most common application area of nanoparticles ever developed. It is located in many fields such as food, cosmetics, pharmaceutical, paint, plastic, paper. The toxic, genotoxic and ecotoxic studies with TiO2 are still scarce [15] [16] [17] [18] [19] [20] [21] .
Silicon dioxide (SiO2) or silicon is a chemical compound containing oxygen and silicon. From food to cosmetics, from drugs to the automotive industry, it is used in many areas. In recent years, the use of SiO2 in biomedical and biotechnological studies has increased. These nanoparticles are of great importance in the development of antibacterial materials due to their high surface activity and high adsorption ability. In response to such widespread use, studies with nano-silicon are less compared to other nanoparticles [22] [23] [24] [25] [26] [27] [28] .
Zinc oxide (ZnO) nanoparticles are among the most commonly used nanoparticles because they have a wide application range ranging from personal care products to coatings and catalysts used in environmental improvement. Many studies conducted so far have investigated the genotoxic and cytotoxic effects of this material [29] [30] [31] [32] .
Copper oxide (CuO) nanoparticles have semi-conductive properties. Due to these properties, gas sensors, catalyst, magnetic phase transitions are used in intermediates, superconductors and ceramic pigments. Also recently, especially in non-odorous socks, under the name of antimicrobial textile, hospital equipment, wood preservation and antifouling paint materials are used widely as additives [33] . However, studies have shown that it has a toxic effect [34] [35] [36] [37] [38] .
Aluminum oxide (Al2O3) nanoparticles are preferred in surface treatment sector due to their high hardness and high durability. In addition, it decreases the growth of microorganisms in foods and provides a long shelf life [39] . Since they are lighter than other metals and have high mechanical strength, they also play a role in the production of materials and mechanical parts used in aerospace. Although aluminum is not considered as a carcinogenic substance, aluminum products are classified as dangerous carcinogenic substances for human health by International Agency for Research on Cancer [40] . Studies with this nanoparticle are limited in number and genotoxicity studies are very few [40] [41] [42] [43] .
A.cepa is a plant species commonly used to evaluate the mutagenic effects of environmental pollutants and chemicals. High-rise plants are quite common for cytogenotic analysis due to the size of their chromosomes. This test is an easy and inexpensive test and has a good correlation with mammalian test systems in particular [44] . Another model that we use in this study is C. elegans. This nematode is an organism commonly used in genetic studies, especially in the study of genetic control of development. The reason for the suitability of the research is that the hermaphroditic adult contains exactly 959 cells and each of these cells can be transformed into specific embryonic roots. The genetic characteristics of the organism are well known and the genome sequence is determined [45, 46] . Bioimformatics analyzes the human with 60-80% of the genes of the worms reveals that it is homologous [47] . One of the indicators used to evaluate the biocompatibility and effects of nanoparticles in C.elegans is physiological evaluation. Lifetime and mortality rate play an important role in this evaluation [10, 48, 49] . the main way of getting nanoparticles to the C. elegans is the digestive systems; the worms are actively taken nanoparticles during feeding. Nanoparticles can also enter into the nematode by passive diffusion. Therefore, C.elegans offers promising features and tools to assess topical and oral nanoparticles before moving to more complex, model organisms.
As summarized above, nanoparticles have been widely used in many areas in recent years. Therefore, people began to be exposed to these nanoparticles both during production and during their use. In addition, these products are thrown into nature both during production and after use, thus making it mandatory for all living things in the world to come into contact with these nanoparticles. And a small number of short-term studies have shown that the majority of these nanoparticles have genotoxic effects on a wide variety of cells and organisms. Therefore, it is aimed to examine the toxic and genotoxic effects of titanium dioxide, silicon dioxide, zinc oxide, copper oxide and aluminum oxide nanoparticles in A. cepa and C. elegans, which we have encountered very frequently in our daily lives, but which we do not even know about.
Material and methods
In this study, 3 different concentrations were determined by examining the doses of the previous studies and all concentrations were suspended in distilled water and sonicated for 30 minutes in ultrasonic bath.
The density and size properties of the used nanoparticles are as follows. A. cepa L., which used as a test material in the study, was left to germinate for 3 days in room temperature. The A. cepa root tips were treated with the 25, 50 and 100 µg doses of the nanoparticles that we choose for 12 and 24 hours. And in the control group, only pure water was used. At the end of this period, A. cepa roots were cut with a razer from a point close to the tip, and fixated in 3:1 ethanol-glacial acetic acid for 24 hours. After that, hydrolysis was made in 1N HCI in order to provide that the cell walls to degrade, and after it is dyed with orcein, squash slide was made. At least 5000 cells were count for every dose and control by taking photos under the microscope.
C. elegans that we used in the study were provided from Cumhuriyet University Faculty of Medicine Parasitology department. The survival percent of the used nanoparticles in C. elegans, their length of life and their effects on physical growth was made with some modifications that are realized with the method used by Pirinç and Türkoğlu [50] .
The studies were repeated 3 times, averages were determined and the differences between groups compared statistically with SPSS (SPSS 15.0) program and the evaluations were made as Average±Standard error.
Results and discussion

Effects on Mitotic Index and Chromosomes in A. cepa
TiO2
The total cell number that examined and mitotic phase ratios as a result of 25, 50 and 100 µg/ml doses of TiO2 nanoparticle to A. cepa root tip cells for 12 and 24 hours is seen in Table 1 . When we look at the 12 and 24 hour treatments, it is seen that there is a significant statistical difference between all doses and control group. When the effects of the same nanoparticle on chromosomes were examined, it is determined that the rate of chromosomal anomaly was increased in all doses and periods compared to control. It was observed that this increase of anomaly generally parallels to the dose increase ( Table 2 ). The chromosome anomalies that TiO2 nanoparticle causes were determined as multinuclei, anaphase bridge, stickiness, break, laggard chromosome, irregular dispersion and binuclei. The rates of the chromosome anomalies, which found as a result of the made calculations, from the highest to the lowest are as follows; Binuclei > Multinuclei > C-mitosis > Anaphase bridge > Stickiness > Irregular Dispersion > Break > Laggard Chromosome.
SiO2
The mitotic index rates obtained as a result of treating this nanoparticle to A. cepa root tip cells with same durations and doses is seen in Table 3 . It was determined with the examinations that the mitotic index was decreased in 12 and 24 hours treatments times compared to the control. The types and the rates of the chromosome anomalies that observed after the treatment of silicium dioxide nanoparticle to A. cepa root tips is given in Table 4 . According to this, the highest observed chromosomal anomaly is binuclei. This is followed by C-mitosis, stickiness, anaphase bridge, laggard chromosome and irregular dispersion. When the table is examined, it is seen that the rate of chromosome anomaly increases in parallel with the dose and time inc3.1rease.
ZnO
In the Table 5 , mitotic index and mitotic phase rates observed after the treatment of zinc oxide is given. In the 12 hours treatment period, while the mitotic index ratio is 8.56 in the control group, it was decreased to 3.82 in 100 µg/ml group.
In the statistical analysis between the groups in the time of this practice, significant differences were observed between control group and the other groups.
The effect of the same substance on the chromosomes and the obtained data are given in the Table 6 . According to these data, the highest observed in the both treatment time and in all doses is binuclei. In addition to this anomaly, C-mitosis and multinuclei were observed highly. And in lesser amounts anaphase bridge, stickiness, laggard chromosome and irregular dispersion were seen. Also, in the examination that made, it is determined that the rate in chromosomal anomalies were increased as parallel to dose and treatment time.
CuO
In Table 7 , the mitotic index rates of A. cepa root tip cells treated with copper oxide are seen. In the both treatment times and in all doses, it is determined that mitotic index decreases compared to control. The anomalies that copper oxide nanoparticle created in A. cepa root tip cells and their rates are seen in Table 8 . Like in the other nanoparticles, the most common anomaly is binuclei in copper oxide also. This is followed by C-mitosis, multinuclei, stickiness, laggard chromosome, anaphase bridge and irregular dispersion. As it can be understood from the table, the rates of these anomalies were increased as parallel to the dose and treatment time increase.
AL2O3
The mitotic phase and mitotic index rates of A. cepa root tip cells treated with aluminum oxide are seen in Table 9 . In the detailed examinations that made, a statistically significant difference is observed in all the doses except in 12 hours treatment with 25 and 100 µg/ml doses. And in 24 hours treatment, it is determined that there is a significant difference between all doses. In the Table 10 , it is seen that the chromosomal anomalies, numbers and total abnormal cell rates in A. cepa roots are seen. And in this nanoparticle treatment, a high rate of binuclei formation was observed. This is followed by multinuclei and C-mitosis. In addition, anaphase bridge, stickiness and irregular dispersion was detected in lesser amounts. Also, it is determined that the formed anomalies were realized in parallel to the dose and time increase.
Effects on Longevity (the length of life), Egg production and Physical Growth in C. elegans
TiO2
The length of life obtained as a result of different doses of titanium dioxide nanoparticle to C. elegans nematode is seen in Figure 1 . In the control group, the survival percent completed in 17 days ended on day 16 in 25 µg/ml treatment, on day 15 at 50 µg/ml dose and on day 13 at 100 µg/ml dose. In general, a decrease in the length of life due to dose increase was determined. When the effect of the same substance on hatching rate was examined, it was determined that there were 125 babies out of 139 eggs. The data of the research are shown in Table 11 .
When we look at the physical growth data of titanium dioxide (Table 12) , the value of 4.99 mm measured in the control group was determined as 3.95 in 25 µg/ml, 3.66 at 50 µg/ml and 2.38 mm at 100 µg/ml. It is observed that the substance used suppresses physical growth and this is statistically significant (for 100 µg/ml).
SiO2
Rates about the length of life, egg yield and physical growth in C. elegans treated with silicium dioxide are given in Figure  2 . While the length of life is 17 days in control and 25 µg/ml doses, it is 12 days in 100 µg/ml dose. When all the doses were examined, it was seen that the decrease in the length of life was parallel to the dose increase. The effects of this nanoparticle on the hatching can be seen in Table 11 . While in the control group, there were 131 babies out of 134 eggs and in silisium dioxide there were 110 babies out of 124 eggs. In statistical evaluations, it was determined that there is a statistical significance between the control group and the treatment group. When the physical growth data of the same substance were examined, it was determined that there is a decrease compared to the control group and this situation was parallel to the dose increase (Table 12 ). ----25  25  0,48  25  253  6  -2  --150  158  3,09  50  199  15  2  5  1  -275  298  5,92  100  172  38  1  5  3  1  320  368  7.08   24   Control  452  -----34  34  0,67   25  203  8  4  3  -1  262  278  5,41   50  169  32  3  ---350  385  7,52   100  160  37  3  5  3  3  361  412 8,19 
ZnO
The effects of zinc oxide nanoparticle on length of life ( Figure 3 ), egg percentage (Table 11 ) and physical growth (Table  12 ) in C. elegans were examined. While the length of life is 17 days in control group, it is 15 days in 25 µg/ml dose, 9 days in 50 µg/ml dose and 7 days in 100 µg/ml dose. While the egg yield is 98.51% in control group, it was decreased to 93.87% in zinc oxide and this is statistically important. When the physical growth rates are looked, while it is 4.99 in the control group, it was determined as 3.03 in 25 µg/ml, 2.40 in 50 µg/ml and 1.92 in 100 µg/ml. It is seen that, in parallel with the dose increase, there is a decline in physical growth.
CuO
The length of life data obtained as a result of different doses of copper dioxide nanoparticle to C. elegans nematode can be seen in Figure 4 While the length of life is 17 days in control group, it is 15 days in 25 µg/ml dose, 12 days in 50 µg/ml dose and 6 days in 100 µg/ml dose in the nematodes treated with copper oxide nanoparticle. When the hatching rates are examined, the average which is 98.51% in the control group is decreased to 85.27%. It is seen that this situation is statistically significant (Table 11 ). When the effects of the same substance on physical growth is looked (Table 12) while it is 4.99 in the control group, it was determined as 3.73, 3.59 and 2.96 in other doses respectively. It was determined that this decline in physical growth occurred parallel to the dose increase.
AL2O3
The data obtained as a result of different doses of aluminum dioxide nanoparticle to C. elegans is given in Figure 5 , Table  11 and Table 12 . The length of life of the nematodes treated with the substance is 17 days in control group, while it is 16 days in 25 µg/ml dose, 9 days in 50 µg/ml dose and 7 days in 100 µg/ml dose. In the examinations made for the egg yield, while the 98.51% of the eggs were hatched in control group, 88.34% of them were hatched in the groups treated with aluminum oxide. The physical growth values of the hatched individuals were examined and the nematodes treated with substance were observed to be regressed. 
Discussion
The effects of a wide range of nanoparticles on the environment and human health as a result of rapid progress in nanotechnology are unclear. There are studies that investigate the potential effects of these substances on the environment and humans, which take place in many areas, from defense industry to food, cosmetics to textiles, diagnosis of diseases to treatment, but many of us are unaware of the existence of these substances, but they are not sufficient. Nano scale materials can be taken into cells more easily than the larger size ones. As a result, the interactions within the cell and tissue are also higher. Factors such as shape, surface area, chemical structure of the surface, type of cell used, concentration and duration of application change the effects of these substances. Due to these parameters, studies on the toxic and genotoxic effects of nanoparticles have produced conflicting results. The toxicological reactions of nanoparticles depend on their activity in organelles such as the cytoplasm, nucleus, mitochondria, lysosomes they affect in the cell they reach. Cobalt chromosome alloys are widely used in orthopedic applications, filling and dental implants, cardiovascular surgery and especially in stenting applications. In genotoxicity studies conducted with these nanoparticles, it was determined that they moved away from the region they were applied to and moved to other regions and these nanoparticles were found in lymph nodes, blood, bone marrow, liver, urea and hair [51] [52] [53] .
In vitro toxic mechanisms of action of nanoparticles can be classified as follows; damage to cell wall and plasma membrane, interaction with electron transport and aerobic respiration, induction of oxidative stress, activation in cell signaling pathway, deterioration in ion homeostasis, some release of toxic metal ions from nanoparticles, deterioration of lysosomal membrane integrity, failure of phagocytosis, inadequate intake, cell skeletal functions interaction, DNA and chromosomal damage [54] .
In the first part of this study, the effects of titanium dioxide, copper oxide, zinc oxide, silicon dioxide and aluminum oxide nanoparticles on mitosis and chromosomes in A. cepa were investigated. The substances used were applied at different doses to A. cepa root tip cells for 12 and 24 hours and the results were examined. In light of the data obtained, it has been determined that these nanoparticles we use have decreased mitotic index in A. cepa compared to control. Mitotic index is considered as a parameter that provides estimation of cell division frequency. Reductions in the mitotic index can be attributed to mitotic inhibitions. Once a chemical substance comes into contact with cells and remains in the cell at critical concentrations, it can form an active form that causes disruption in the cell cycle. This adverse effect may increase gradually depending on the application period and stage [55] .
The toxic effect of nanomaterials can cause serious damage to the DNA and slow the transitions in the cell cycle. Reduction in mitotic index is an indicator of decreased cell proliferation [56, 57] . The cell cycle control points block the transition from G 1 to S phase or from G 2 to mitosis, depending on the site of damage in cells exposed to a toxic effective substance. A DNA damage can also inhibit DNA synthesis and thus RNA and protein synthesis. Inactivation of kinase complexes in non-replicated cells can prevent the introduction of mitosis [57, 58] .
Reduction and increase in mitotic index in A. cepa cells are the most commonly used parameters. Reduction in mitotic index is considered as a marker of cytotoxicity. This reduction indicates that the growth and development of the plant is inhibited by the effect of the chemical being exposed. The increase observed in the mitotic index means irregular cell divisions and a tumorous tissue [59] [60] [61] [62] [63] .
Allium test is a good marker for the detection of numerical and structural abnormalities in chromosomes other than mitotic index. These changes in the chromosomes can be spontaneous, or they can be generated by an exogenous stimulus. Structural disorders in the chromosome can be stimulated by many factors such as DNA fractures, inhibition of DNA synthesis and errors in DNA replication. Abnormalities in the number of chromosomes can be caused by the effects of the chemical substances on the mitotic spindles as well as the irregular separation of the chromosomes. Chromosomal abnormalities can occur in all cell stages. For this reason, Fiskesjö [44] emphasized that all stages should be taken into consideration in the examination and evaluation.
In this study, the presence of thousands of cells was observed at the highest rate among chromosomal abnormalities caused by nanoparticles. In addition, C-mitosis, multinucleus, anaphase bridge, adhesion, fracture, irregular chromosome and irregular dispersion were also observed. In the cells that will complete the phase of the interphase and enter the mitosis, there is a control point which is sensitive to the inability of the chromosomes to adhere to the mitotic yarns properly. If this checkpoint does not function properly, some abnormalities may occur [64] . Furthermore, clastogenic fractures may occur in chromosomes depending on the dose and duration of the exposed chemical.
If we take a look at some of the items we use in the study; in a study conducted with nanotitanium dioxide, it was stated that the substance did not produce chromosomal abnormalities in A.cepa [20] . In studies with zinc oxide nanoparticles, it has been stated that different doses of the substance cause chromosomal abnormalities in A. cepa and these abnormalities generally occur in the form of adhesion, bridge, binucleus etc [65] .
Demir et al., [25] reported that, zinc and titanium oxide nanoparticles were applied to A.cepa root tip cells and examined the genotoxic effects of substances by comet test. At the end of the study, they concluded that both substances had genotoxic effects. In another study with titanium oxide, it was stated that the substance caused the formation of reactive oxygen species, which may cause abnormalities in chromosomes [66] . In 2016, Ghosh investigated the genotoxic effects of zinc oxide nanoparticles in A.cepa, V. faba and Nicotiana tabacum and determined increases in chromosomal abnormalities [67] .
In this study, the reason of formation of chromosomal abnormalities determined as a result of our experimental observations can be grouped under 3 groups [68] . In the first group, mitotic chromosome abnormalities caused by chemicals, such as spindle strands, can be incorporated into C-mitosis, multipolarity and calcined chromosomes. In the other group, chromosomal adhesions that occur as a result of a physiological effect on chromosomes during cleavage can be considered [69] . Finally, defects in chromosomes; chromosome bridges, fragments and micronuclei, as well as chromosome breaks [68, 70] .
The abnormality we called C-mitosis was first observed by Levan [71] in A. cepa root tips. C-mitosis is defined as the irregular dispersed cell cycle of chromosomes in metaphase. The effect of the chemical substance is similar to colchicine, but also disrupts the structure of the spindle threads. This situation is an indicator of the turbogenic effect [72] . As a result of this, the centromere division is delayed, the chromosomes are replicated, but not separated from each other. This anomaly in the metaphase also causes a decrease in the mitotic index. The presence of C-mitotic cells was also detected in test materials treated with a variety of different chemicals [73] [74] [75] [76] [77] [78] .
Anaphase bridge is another anomaly that occurs as a result of microscopic examinations. Chromosome bridges can usually occur as a result of the chemical effect of the substance used, breaking and recombination of chromosomes or as a result of the adhesion of chromosomes in metaphase [68, 79] . Similarly, inversion of chromosome segments or the formation of irregular translocations may cause chromosome bridges [77] . Chromosome bridges resulting from toxic and clastogenic effects are not recycled [80] . Chromosome bridges are formed by chromatin fibers formed by a combination of sister chromatids in metaphase. If the connections between them are stretched too much, the chromatids may break at or near the point of attachment in the anaphase. Fractures may occur at different points in both sister chromatids. The result is the formation of fragments that are similar to chromosome structures. This type of abnormality has been found in most studies with different chemicals [70, 73, 77, 78, 81] .
Multinucleated and binucleated cells were found at the root end of A. cepa treated with titanium dioxide, silicon dioxide, aluminum oxide, copper oxide and zinc oxide nanoparticles. These cells can be shown as the cause of the formation of nanoparticles inhibit cytokine. In many of the cells treated with these substances, cytokinesis was not observed following the telophase stage. While the cytoplasm division takes place, the two brothers remain co-surrounded by the same cell wall. Inhibition of cytokine and formation of binuclear cells were determined by Borah and Talukdar [75] , Gömürgen [77] , Sudhakar et al., [82] , Kaushi [83] , Çelik et al., [84] , Türkoğlu [85] .
Another abnormality found during the study is stickiness. Chromosome adhesions indicate that the chromosomes are formed as a result of the depolimerization effects of these chemicals on nucleic acids. Patil and Bhat [86] described the chromosome adhesiveness as physiological adhesion involving the chromatin material into the protein matrix. Adhesiveness can be defined as the effect of chemical substances on phosphate groups in DNA [87] . Liu et al. [80] stated that chromosome adhesiveness leads to irreversible cell death. Chromosome adhesions in metaphase also prevent the passage of chromosomes to the anaphase stage. The same type of chromosomal abnormality was highly observed in the test materials treated with food additives and pesticides [70, 74, 76-78, 88, 89] .
Laggard chromosome is another abnormality observed in cells of test material treated with a small percentage of titanium oxide, silicon oxide, aluminum oxide, copper oxide and zinc oxide nanoparticles. It is due to the late chromosomes moving to different poles of the cell. Patil and Bhat [86] have stated that thick chromosomes may have a functional defect that may occur during the organization of spindle threads.
Other abnormalities observed in our study are chromosome fractures and irregular distribution of chromosomes. Chemicals causing breakage are defined as clastogenic agents and have been reported to their effects on chromosomes on DNA [90] . Rieger et al., [91] reported that some regions of the chromosomes react with chemicals and breaks occur in these regions in Vicia faba. In chromosomes, it is stated that the regions that are broken first are in the heterockromatic structure. At the same time, a defect on the spindle yarn causes irregular distribution of chromosomes. This type of abnormalities have been found in research with different chemicals [68, 75, 77, 78, 88, 92] .
One of the most important reasons for the use of C. elegans in many scientific studies is that it is economic. In laboratory conditions, E. coli is nourished and grown on the prepared medium. Knowing the genetics of each cell from zygote to noodles, the fact that their genes are 80% identical to human genes also allows us to use C. elegans as the appropriate model organism in the studies, the advantage of observing and analyzing the effect of a chemical on the entire organism [93] .
The examination of C. elegans at biochemical and genetic levels provides progress in nanotoxicology. This model organism plays a role in determining the toxic dose, composition and biocompatibility of the nanoparticle.
The anatomy of C. elegans helps to understand the interaction of biological surfaces (e.g. epithelium or intestinal cells) with nanoparticles that are similar to those of mammals. Gives explanatory information about the ways in which substances are taken into cells and their transmission to tissues and organs [94] .
So far, the interaction between C. elegans and nanoparticles is often limited to assessments of the biology of the worm. No more samples were found to investigate the effects of these substances on the length of life, egg yield and physical growth [10, [95] [96] [97] [98] [99] .
All of the nanoparticles we used reduced overall life span compared to control, decreased egg yield and caused a decrease in physical growth. The main cause of this situation is the formation of reactive oxygen nanoparticles used, and these reactive oxygen species can be concluded to affect life time, egg yield and physical growth adversely affect.
Conclusion
As a result of all these researches and findings, all nanoparticles we use have negative effects on both test systems. The results obtained are the result of a study conducted with limited test systems involving only a small proportion of the nanoparticles we encounter. Molecular and biochemical studies on different test systems need to be added to these data.
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